Abstract The effect of natural feed, artificial feed, and artificial feed with hormone 17 alpha-methyltestosterone on gill and liver integrity, parasite prevalence and performance parameters during the masculinization phase of Nile tilapia Oreochromis niloticus were evaluated. The experiment consisted of the three feeding strategies in triplicate. Water parameters, histopathological, parasitological and performance analyses were performed on day 7, 14, 28 and 60. Both artificial feeds (with and without hormone) were harmful to the hepatic and branchial integrity. The most significant change in liver was lipid degeneration, while in gills a significantly higher lamellar edema was observed when compared to fish that received the natural feed. Fish fed with the artificial diet (with and without hormone) showed a high prevalence (p \ 0.05) of trichodinids and Cryptobia, while fish that received natural feed showed no parasites after 28 days of study. Fries that received diet with hormone experienced damage to their health, which decreased the survival of this group. The anabolic effect of this molecule, however, improved significantly (p \ 0.05) their productive performance. Despite the absence of deleterious effects to fish health, the use of natural feed has a high risk of introducing predators. Introduction of odonate larvae drastically affected the survival of this group at the end of the study. All feeding strategies investigated have positive and negative effects that were discussed in the present study.
Introduction
Nile tilapia Oreochromis niloticus is an omnivorous species with herbivorous tendency, however, fish farmers use commercial diets with high protein content, including from animal source as viscera and blood meal (Furuya 2010) . Diets rich in proteins used for fish production present a high cost and increase the load of nitrogenous compounds in water (Silva et al. 1991; Moreira et al. 2008 ). An excess of nitrogenous compounds in an aquatic production system causes a reduction of dissolved oxygen, sudden fluctuations of pH, and a proliferation of pathogenic agents. Furthermore, high protein diets can be harmful to the animal metabolism (Elangovan and Shim 1997; Geurden et al. 1998; Abdel-Tawwab et al. 2010) . A high protein intake provokes hepatic and renal alterations, which culminate in organic disequilibrium. Thus, researchers have adopted the use of histopathology to evaluate the effects of different substances administered to fish for ingestion (Schwaiger et al. 1997) , including nutritional factors (Mahmoud et al. 2014) .
In addition to the use of artificial feed, the production of tilapia is characterized by obtaining a monosex stock through the use of the hormone 17 alpha-methyltestosterone. The hormone is incorporated in feed and administered during hatchery phase. 17 alpha-methyltestosterone has the advantages of producing a stock of more than 90 % males and acts as an anabolic agent (Chakraborty et al. 2011) , which improves the productive performance of the larvae. However, the use of this hormone is criticized due to the negative effects as residues in water and sediment (Ong et al. 2012) , and damages to the organs that metabolize molecules (Hasheesh et al. 2011 ). In the production of tilapia, negative effects of hormone become aggravated due to the use of high levels of protein and lipids in the diet.
The natural diet of most cultured aquatic organisms consists of a wide diversity of phytoplankton (diatoms, flagellates, etc.) and zooplankton (copepods, cladocerans, decapod larvae, rotifers, ciliates, etc.). The abundance and maximal diversity of organisms of different sizes and nutritional composition provide maximal chances for meeting all the requirements of the predator larvae (Lavens and Sorgeloos 1996) . As the production of live organisms can be expensive, many species of fish larvae (e.g. Nile tilapia) are fed directly with artificial feed (high in protein and limited in ingredients). In order to reduce costs, some fish farmers have fed the fish with natural microorganisms collected directly from earth ponds. This strategy was compared to the use of artificial feed (with and without hormone).
Occurrence of parasitic infestations is another problem frequently encountered in aquaculture, especially during hatchery and nursery phases (Woo and Bruno 2011) . The dispersion of these pathogens occurs due to the intensification of production (Garcia et al. 2013) , which is characterized by a high density of fish and a higher input of artificial feed. Both high density and a greater input of artificial feed are responsible for the increase of organic matter in aquatic environment. There are direct relationships between the parasite incidence and the nutrient content (in particular organic matters) in fish and shrimp farming (Aghuzbeni et al. 2015) . Considering that the use of artificial feed and subsequent accumulation of organic matter can facilitate the development of ectoparasites, parasitological analysis was performed for a comparative study between the different diets in initial phase of Nile tilapia production.
In this study, effects of artificial diet (with and without the hormone) and natural feed on performance, integrity of liver and gill, and parasitism of Nile tilapia were evaluated.
Materials and methods

Study design
This study was conducted in fish farm (larviculture) of Nile tilapia. Larvae were collected from reproduction ponds through the ichthyoplankton fine mesh nets, where the reproducers were stocked in the proportion of 150 females to 50 males per pond. Fish larvae were classified and distributed in 9 circular, polyethylene tanks (750 l) with a continuous flow and a rate of total water renovation in 24 h. Each tank received 1000 larvae, which resulted in an initial biomass of approximately 18 g in each experimental unit.
Experimental design
The experiment consisted of three different larval feeding strategies, with each strategy being conducted in triplicate. A group of fish received an artificial feed designed for this species, another group received the artificial diet that contained the hormone 17 alpha-methyltestosterone, and the third group received the natural feed that consisted of phytoplankton and zooplankton.
The composition of artificial diet and feed management are shown in Tables 1 and 2 , respectively. The feed that contained the masculinizing hormone was prepared by adding 60 mg/kg of 17 alpha-methyltestosterone diluted in ethyl alcohol (92.8°) for each kilogram of feed. The masculinization step was carried out during the initial 40 days of feeding to simulate the most common strategy used in fish farms. After this period, all of the fish were fed the commercial feed and the experiment was concluded at 120 days of feeding to perform the final biometrics for the productive performance data.
Natural feed used for the third group of fish was collected daily from an earthen pond by using a phytoplankton net (25 lm). The concentrate (approximately 200 mL) was diluted in 5 L. This diet was provided five times each day (during 40 days).
During the study, the levels of the dissolved oxygen (DO), temperature (T°C), pH and ammonium (NH 4 ) of each tank were measured daily with a multiparameter probe (YSI Professional Plus Ò ). The data were described as mean ± standard deviation.
Histopathological analysis
Gills and liver have been evaluated for description and comparison of histopathological lesions. Nine fish have been collected from each treatment per sampling (days 0, 7, 14, 28 and 60). The fries have been fixed in 10 % formalin, dehydrated in increasing solutions of alcohol, diaphanized in xylene and paraffin-embedded (Merck Ò ), according to standard protocol. The slides were stained with hematoxylin and eosin (H&E), and the histopathological lesions were analyzed by pairs of pathologists for elaboration of descriptions, which were expressed in a qualitative manner and grouped in similar sets.
Photomicrographs were made with a light microscope (Nikon E200
Ò
) and were used to analyze the hepatic and branchial structures. For hepatic structures, analyses consisted of measuring the size of the hepatocyte vacuole, area of the hepatocyte nucleus, and size of hepatocyte with and without degeneration ( Fig. 1 ), according to Raskovic et al. (2011) and Strussmann and Takashima (1990) . For branchial structures, analyses consisted of measuring the lamellar edema (space between the lamellar epithelium and the pillar cells), the size of interlamellar space and diameter of mucous cell (Fig. 2 ), according to Stevens (1992) . All structures were photographed in three random areas of each glass slide and measured using the software Image Processing and Analysis-Image J Ò . Table 2 Quantity and frequency of feeding of the groups that received artificial diet (with and without hormone)
Day
Feed ( 
Parasitological analysis
Parasitological analyses were carried out at 7, 14 and 28 days from the beginning of feeding; 9 fries were sampled from each treatment. In the first two samplings (days 7 and 14) larvae were compressed between a slide and a cover slip due to their size. For the sampling on day 28, the mucus of the integument and biopsy of the gill arches were carried out separately, which were viewed by light microscopy used for research of ectoparasites.
Parasites were identified by genus or group and the data were arranged in prevalence (%) by the formula: number of infected fish with parasites 7 number of fish analyzed 9 100.
Performance parameters
For the analysis of productive performance, an initial and a final sampling with all fish in the experiment was carried out. Fries were counted, measured (total length), and weighed. All performance parameters were collected at day 120 following the handling of fish farm.
The results were organized as survival (S), weight gain (GP), and feed conversion (CA), which were conducted by the formulas: Weight gain (GP) = Final weight -Initial weight; Feed conversion (CA) = (Quantity of food consumed throughout the entire period) 7 GP; Survival (S) = final number of fish 7 initial number of fish 9 100.
Statistical analysis
One-way analysis of variance (ANOVA), Tukey test, and the Levenne test were used for homoscedasticity (parasitological and morphometric data of the liver and gills). The Mann-Whitney test, which was one tailed with a confidence interval of 95 %, and the Kruskal-Wallis ANOVA were used for non-parametric data. The statistical analyses were conducted using the programs STATISTIC 10 Ò STATSOFT 1984-2011 and GraphPad Prism 5 Ò . 
Results
Water parameter
The concentration of ammonium was significantly different according to the type of fish feed. The tanks that received the natural feed displayed a lower (p \ 0.05) concentration of ammonium when compared to tanks that received artificial feed (with and without hormone) (Table 3) .
Histopathological analysis
All samples of day 7 and 14 showed hydropic degeneration of the liver, apart the treatment made. On day 28, only the larvae that received the hormone had the hydropic degeneration. At the end of the experiment, the group that received the natural feed displayed a higher number of fish with the typical appearance of normal tissue (20 % of the fish had no-lesion of the liver and 33 % had no lesion of the gills). In contrast, the fish fed with the artificial diet (with and without the hormone) showed a greater number and severity of lesions, such as lipid degeneration. Edema of branchial lamellae was also less pronounced in the fish fed with natural feed at the end of experiment (Table 4) .
The group of fish that received natural feed showed a significantly lower area of hepatocyte nucleus (p \ 0.05) than those of larvae fed with artificial diet at day 14 (Table 5 ). The size of hepatocytes without lipid degeneration was significantly lower (p \ 0.05) in larvae receiving the natural feed when compared to group receiving artificial diet (Table 5 ). In addition, on days 14 and 60, the size of hepatocytes (with and without degeneration) was also significantly lower (p \ 0.05) for fries fed with natural feed (Table 5) .
Before the start of the experiment, every lamellar edema found in the gills of fish was measured, and those that received natural feed had a higher branchial edema (p \ 0.05). Starting at day 14 of feeding, however, this group presented a smaller lamellar edema during and after the experiment (p \ 0.05) ( Table 6) . Furthermore, the interlamellar space was significantly higher in this group at day 7 of the treatment when compared to those fed with the artificial diet. The areas of the mucus cells were significantly lower in the fish fed with the artificial feed after 28 days of feeding (Table 6 ).
Parasitism
When considering the total parasitism observed from integument and gill, 8 different parasites were found throughout the study. Fish that received natural feed, however, was free of any parasitic agents starting at day 28 of feeding (Table 7) . In this same moment, groups that received the artificial feed were parasitized by trichodinids and parasites of the genera Cryptobia, Ichthyobodo, Piscinoodinium and Chilodonella (Table 7) . Special emphasis is given to the prevalence of trichodinids and Cryptobia, which were significantly higher in groups fed with artificial diet (with and without hormone) (p \ 0.05).
In relation to exclusive analysis of the gills (data obtained only on day 28), trichodinids, Cryptobia and Chilodonella were diagnosed. Similar to the results described above, gill parasites were not found on the fries that received natural feed and the prevalence of trichodinids and Cryptobia was significantly higher (p \ 0.05) in groups that received artificial diets (with and without hormone) (Table 8) .
Performance parameters
The survival was higher in group that received artificial diet without addition of hormone. Survival was not measured in group fed with phytoplankton and zooplankton due to a mortality that occurred at the end of experiment from an infestation of odonate larvae in the tanks. The larvae of this insect has an aquatic larval stage, which is believed to have been carried from collection of natural feed to experimental tanks, resulting in mortality of fish of this group.
Weight gain and final length were higher in the group that received diet containing hormone. Because of these results, the feed conversion was lower in fish fed with artificial diet containing hormone 17 alphamethyltestosterone (Table 9) .
Discussion
In addition to environmental stress, Popma and Lovshin (1994) suggested that physiological stress caused by use of steroid hormones is one of the main contributors to the high mortality in initial production cycle. Even so, the most common nutritional strategy during the feeding of the tilapia larvae is the addition of the hormone 17 alpha-methyltestosterone, which aims to produce a monosex stock. This production strategy is the most viable to the producer when compared to the techniques used to produce supermales or hybrids. However, hormone incorporation is inconvenient and laborious in addition to creates waste to the environment and reducing the survival rate of fish larvae (Valentim-Zabott et al. 2008) .
Quality and quantity of ingredients in diet can cause alterations in the integrity of fish organs. For example, liver is responsible for producing the precursor protein of hormones, coagulation cascade, and complement, in addition to producing the globulins that comprise antibodies and lytic enzyme of immune system, and also being the main storage location for vitamins (Kaneko et al. 2008 ). Thus, a disorder in this organ can lead to irreparable consequences and compromise the survival of organisms, which was observed in this study. Similarly, Gayão et al. (2013) found greater hepatic alterations in fish that received steroid hormone in a diet with a high level of protein. The most observed alterations were increased cell volume, disarrangement of cordonal structure, and an increased number of vesicles in the hepatocytes (Gayão et al. 2013) . Also, Hasheesh et al. (2011) described diffuse vacuolar degeneration followed by severe vacuolation of the hepatocytes in fish that consumed a diet with 60 mg/kg of 17 alpha-methyltestosterone. The increase of hepatocyte size observed in fish that received artificial diet with hormone is connected to molecular metabolism in the liver. Thus, the hepatocytes remained small within the fries that received the natural feed and were not exposed to any molecule or drug. The water parameter indicates that the tanks which were fed with artificial feed (with and without hormone) had higher amount of ammonium. Accumulation of nitrogenous compounds (Rodrigues et al. 2012) , chemical substances present in water (Roberts 2012) and ectoparasites (Valladão et al. 2013 ) can cause severe alterations in gill structure, compromising the function of its filaments. Lamellar edema is the most common lesion in fish and may progress to necrosis of lamellar epithelium, causing respiratory and osmoregulatory distress, which then leads to a compromise in the health, development and survival of fish (Yang and Albright 1992) . Natural feed was more beneficial to health of the gills, which may have correlated to both a low intake of nitrogen compounds in water and a lower intensity of important gill parasites, such as the genera Trichodina, Cryptobia, and Chilodonella. An improvement in the state of this organ can increase the health and survival of fish. The use of natural feed captured from external tanks and without predator control as performed in several fish farms, however, is discouraged since significant losses can occur of up to an entire stock. On the other hand, this can be highly recommended if the natural feed is produced in artificial and controlled conditions to ensure safety.
Trichodinids are one of the most common and important ectoparasites of tilapia worldwide. They are also responsible for acute mortalities of fish larvae (Valladão et al. 2014) . The use of artificial feed (with or without the hormone) favoring the proliferation of these important pathogens, while natural feed can be an interesting strategy from the sanitary point of view for fish larviculture.
Productive performance (weight gain and growth) was superior in larvae that received diet with hormone, which can be explained by the use of steroid in the masculinization of these larvae. By being a synthetic anabolic agent, 17 alpha-methyltestosterone has the capacity to increase protein synthesis and increase the muscle mass of the fish, which was also observed in other species of fish such as Labeo rohita (Pandey et al. 2014) . The use of the hormone, however, can decrease the survival of the fish. All strategies studied are currently used in fish production. It is difficult to conclude which feeding strategy is the ideal, since each strategy shows its own unique benefits and problems. From production perspective, the use of hormone 17 alpha-methyltestosterone is recommend because it promotes the production of a monosex stock and a greater growth of fish. From health and environmental perspective, artificial diet without hormone and natural diet are most recommended because the steroid can damage organs, impair the healthy development, survival and pollute the environment. Still, the use of natural feed shows a lower prevalence of ectoparasites in relation to fries fed with the artificial diets, but shows a high risk of biological contamination such as the presence of odonate larvae. Therefore, the cultivation of the natural feed should be carried out in a controlled environment to be safe. The use of artificial diet without hormone does not show the negative effects of the steroid, thus the fish is healthier and the environment is not affected. In this case, however, the producer must seek another strategy for producing a monosex stock.
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